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(57) ABSTRACT 

A via is formed in a printed circuit board to penetrate 
through an insulating layer. A guard pattern, made of an 
electrically-conductive material, extends on the front surface 
of the insulating layer along a circle concentric with the via. 
An electrically-conductive body extends from the guard 
pattern in the insulating layer along an imaginary cylinder 
concentric with the via. The guard pattern of the printed 
circuit board serves to control the characteristic impedance 
of the via at the front surface of the insulating layer. The 
electrically-conductive body contributes to a better control 
of the characteristic impedance of the via. The via is allowed 
to reliably enjoy a better impedance matching than ever. 
Noise can su?iciently be suppressed in electric signals 
running through the via. 

20 Claims, 5 Drawing Sheets 
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PRINTED CIRCUIT BOARD INCLUDING 
VIA CONTRIBUTING TO SUPERIOR 
CHARACTERISTIC IMPEDANCE 

This application is a continuing application, ?led under 35 
U.S.C. §lll(a), of International Application PCT/JP03/ 
07262, ?led Jun. 9, 2003, incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a printed circuit board 

unit comprising a so-called printed circuit board and an 
electronic component mounted on the printed circuit board. 
In particular, the invention relates to a printed circuit board 
including a via penetrating through an insulating layer. 

2. Description of the Prior Art 
For example, a printed circuit board sometimes comprises 

a via penetrating through an insulating layer, as disclosed in 
Japanese Patent Application Publication No. 2000-261150. 
The printed circuit board includes a core layer made of an 
insulating material for supporting a ground layer over the 
front surface. ApoWer supply layer is formed along the back 
surface of the core layer. Insulating layers are overlaid on the 
front and back surfaces of the core layer. Signal line patterns 
are alloWed to extend on the exposed surfaces of the 
individual insulating layers. Vias are utiliZed to connect the 
signal rine patterns to each other. The vias penetrate through 
the core layer, the insulating layers, the ground layer and the 
poWer supply layer. 
A columnar ground Wall concentric With the via is embed 

ded Within the core layer. The ground Wall is connected to 
the ground layer. The impedance matching is in this manner 
intended for the characteristic impedance. HoWever, the 
ground Wall completely fails to penetrate into any of the 
insulating layers. The characteristic impedance cannot suf 
?ciently be controlled for the via. 

SUMMARY OF THE INVENTION 

It is accordingly an object of the present invention to 
provide a printed circuit board contributing to a better 
control of the characteristic impedance of a via. 

According to the present invention, there is provided a 
printed circuit board comprising: a via penetrating through 
an insulating layer; a guard pattern made of an electrically 
conductive material, said guard pattern extending on the 
front surface of the insulating layer along a circle concentric 
With the via; and an electrically-conductive body extending 
form the guard pattern, said electrically-conductive body 
located in the insulating layer along an imaginary cylinder 
concentric With the via. 

The guard pattern of the printed circuit board serves to 
control the characteristic impedance of the via at the front 
surface of the insulating layer. The electrically-conductive 
body continuous from the guard pattern serves to surround 
the via in the insulating layer. The electrically-conductive 
body thus contributes to a better control of the characteristic 
impedance of the via. The via is alloWed to reliably enjoy a 
better impedance matching than ever. Noise can suf?ciently 
be suppressed in electric signals running through the via. In 
general, no electrically-conductive material is located Within 
the insulating layer of the type around the via. In this case, 
the characteristic impedance cannot suf?ciently be con 
trolled for the via in the insulating layer. 

The printed circuit board may further comprise a ground 
pattern made of an electrically-conductive material. The 
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2 
ground pattern may be formed to extend along the back 
surface of the insulating layer. The ground pattern preferably 
receives the tip end of the electrically-conductive body 
extending from the guard pattern. When the electrically 
conductive body is in this manner connected to the ground 
pattern, the guard pattern can be connected to the ground 
pattern. Electric current in the guard pattern can easily be led 
to the ground pattern. The path for the electric current can be 
facilitated in the overall printed circuit board. The facilitated 
path for the electric current contributes to a further reduction 
in noise of electric signals. 
The printed circuit board may further comprise a ground 

Wall extending from the ground pattern along a column 
concentric With extending from the ground pattern along a 
column concentric also the ground Wall serves to surround 
the via in the printed circuit board. The characteristic 
impedance of the via can thus be controlled in a more 
ef?cient manner. 

The electrically-conductive body may comprise a via, for 
example. Alternatively, the electrically-conductive body 
may comprise an electrically-conductive Wall extending 
along the aforementioned imaginary cylinder. The inner 
space of the via may remain void or be ?lled With an 
electrically-conductive material. 
An electronic component may be mounted on the surface 

of the aforementioned printed circuit board, for example. In 
this case, the printed circuit board of the type may include 
a signal line pattern made of an electrically-conductive 
material, said signal line pattern extending on the surface of 
an insulating layer so as to establish an electric connection 
With the electronic component; a via connected to the signal 
line pattern, said via penetrating through the insulating 
layer; a guard pattern made of an electrically-conductive 
material, said guard pattern extending on the surface of the 
insulating layer along a circle concentric With the via; and an 
electrically-conductive body extending from the guard pat 
tern, said electrically-conductive body located in the insu 
lating layer along an imaginary cylinder concentric With the 
via. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of 
the present invention Will become apparent from the fol 
loWing description of the preferred embodiments in con 
junction With the accompanying draWings, Wherein: 

FIG. 1 is a perspective vieW illustrating an example of a 
printed circuit board unit; 

FIG. 2 is an enlarged partial plan vieW illustrating the 
front surface of a printed circuit board in the printed circuit 
board unit; 

FIG. 3 is a vertical sectional vieW taken along the line 3-3 
in FIG. 2; 

FIG. 4 is an enlarged partial plan vieW for illustrating the 
positional relationship betWeen a via and an electrically 
conductive body; 

FIG. 5 is an enlarged partial vertical sectional vieW 
schematically illustrating a core substrate in the production 
of the printed circuit board; 

FIG. 6 is an enlarged partial vertical sectional vieW, 
corresponding to FIG. 5, for schematically illustrating a 
ground pattern, a ground Wall and a poWer supply pattern; 

FIG. 7 is an enlarged partial vertical sectional vieW, 
corresponding to FIG. 5, for schematically illustrating insu 
lating layers formed on the front and back surfaces of the 
core substrate; 
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FIG. 8 is an enlarged partial vertical sectional vieW, 
corresponding to FIG. 5, for schematically illustrating bot 
tom holes formed in the insulating layers; 

FIG. 9 is an enlarged partial plan vieW, corresponding to 
FIG. 4, for illustrating a modi?cation of the electrically 
conductive body; 

FIG. 10 is an enlarged partial vertical sectional vieW, 
corresponding to FIG. 5, for schematically illustrating a 
method of making the electrically-conductive body accord 
ing to the modi?cation; 

FIG. 11 is an enlarged partial plan vieW, corresponding to 
FIG. 4, for illustrating another modi?cation of the electri 
cally-conductive body; and 

FIG. 12 is an enlarged partial vertical sectional vieW, 
corresponding to FIG. 3, for illustrating a modi?cation of the 
printed circuit board. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 illustrates an example of a printed circuit board 
unit. The printed circuit board unit 11 includes a printed 
circuit board 12. Electronic components such as central 
processing units (CPUs) 13, capacitances 14, and the like, 
are mounted on the front surface of the printed circuit board 
12. Electric connections are established betWeen the elec 
tronic components through signal line patterns extending on 
the front and back surfaces of the printed circuit board 12, 
for example. The signal line patterns may be made of an 
electrically-conductive material. 
As shoWn in FIG. 2, a via or vias 15 is formed in the 

printed circuit board 12. The via 15 may be made of an 
electrically-conductive material such as copper, for 
example. The via 15 penetrates through the printed circuit 
board 12 from the front surface to the back surface. A signal 
line pattern or patterns 16 is connected to the via or vias 15 
extending on the front and back surfaces of the printed 
circuit board 12. The inner space of the via 15 may remain 
void or be ?lled With an electrically-conductive material. 
A ground guard pattern 17, made of an electrically 

conductive material, is formed on the front and back sur 
faces of the printed circuit board 12 around the signal line 
pattern 16 and the via 15. The ground guard pattern 17 
seamlessly surround the signal line pattern 16 and the via 15. 
Speci?cally, the ground guard pattern 17 includes a pair of 
straight pattern 17a extending in parallel With the signal line 
line pattern 16 located in a space interposed betWeen the 
straight patterns 17a, 17a, and a circular pattern 17b extend 
ing along an imaginary circle 18 concentric With the via 15 
so as to connect the tip ends of the straight patterns 17a, 17a 
to each other. A constant interval is established betWeen the 
straight patterns 17a, 17a and the signal line pattern 16. 
LikeWise, a constant interval is established betWeen the 
circular pattern 17b and the via 15. 
As shoWn in FIG. 3, the printed circuit board 12 includes 

a core substrate 21 serving as an insulating layer according 
to the present invention. The core substrate 21 has a rigidity 
enough to keep its original shape. A ground pattern 22 made 
of an electrically-conductive material extends on the front 
surface of the core substrate 21. The ground pattern 22 may 
be formed to cover over the entire front surface of the core 
substrate 21. A poWer supply pattern 23 made of an elec 
trically-conductive material extends on the back surface of 
the core substrate 21. The poWer supply pattern 23 may be 
formed to cover over the entire back surface of the core 
substrate 21. Electric current for operation is supplied to the 
electronic components 13, 14 from the poWer supply pattern 
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4 
23. The supplied electric current ?oWs into the ground 
pattern 22 through the electronic components 13, 14. The 
ground pattern 22 and the poWer supply pattern 23 may be 
made of a metallic material such as copper, for example. 
A columnar ground Wall 24 is incorporated in the core 

substrate 21. The columnar ground Wall 24 is formed 
concentric With the via 15. An insulating material 25 serves 
to isolate the ground Wall 24 from the via 15. The ground 
Wall 24 may be made of an electrically-conductive material 
in the same manner as the ground pattern 22. The upper end 
of the ground Wall 24 is connected to the ground pattern 22 
at the front surface of the core substrate 21. The loWer end 
of the ground Wall 24 reaches the back surface of the core 
substrate 21. An annular insulating layer 26 serves to isolate 
the ground Wall 24 from the poWer supply pattern 23 at the 
back surface of the core substrate 21. The annular insulating 
layer 26 is located concentric With the via 15. 

Insulating layers 27, 27 are respectively overlaid on the 
front and back surfaces of the core substrate 21. The 
insulating layer 27 covers over the ground pattern 22 on the 
front surface of the core substrate 21. The insulating layer 27 
like Wise covers over the poWer supply pattern 23 on the 
back surface of the core substrate 21. The aforementioned 
signal line patterns 16 and ground guard patterns 17 are 
formed on the exposed surfaces of the individual insulating 
layers 27, 27. The via 15 penetrates through the core 
substrate 21 as Well as the insulating layers 27, 27. 

Electrically-conductive bodies 28 are embedded in the 
individual insulating layers 27, 27 along an imaginary 
cylinder concentric With the via 15. Here, the electrically 
conductive body 28 comprises a via terminated at the core 
substrate 21. The inner space of the via may remain void or 
be ?lled With an electrically-conductive material. The outer 
end of the electrically-conductive body 28 reaches the 
exposed surface of the insulating layer 27. The electrically 
conductive body 28 is connected to the circular pattern 17b 
of the corresponding ground guard pattern 17 at the exposed 
surface of the insulating layer 27. The inner end of the 
electrically-conductive body 28 reaches the inWard surfaces 
of the insulating layers 27, 27, namely the front and back 
surfaces of the core substrate 21. The electrically-conductive 
body 28 is received on the ground pattern 22 and the ground 
Wall 24 at the front or back surface of the core substrate 21. 
The electrically-conductive body 28 serves to establish an 
electric connection betWeen the ground guard pattern 17 and 
the ground pattern 22. The electrically-conductive bodies 28 
may be arranged around the via 15 at equal intervals as 
shoWn in FIG. 4, for example. 
The printed circuit board unit 11 alloWs the ground Wall 

24 to surround the via 15 in the core substrate 21. The 
electrically-conductive bodies 28 serve to surround the via 
15 in the insulating layers 27, 27. The via 15 can in this 
manner be surrounded by the ground line over the entire 
region in the longitudinal direction of the via 15. The 
characteristic impedance can thus sufficiently be controlled 
for the vias 15. The vias 15 are alloWed to enjoy a better 
impedance matching than ever. Noise of electric signals can 
thus be suppressed in the signal line patterns 16. Moreover, 
the electrically-conductive bodies 28 serve to connect the 
ground pattern 22 to the ground guard pattern 17, so that 
electric current can easily be led to the ground pattern 22 
from the ground guard pattern 17. The path for the electric 
current can thus be facilitated in the overall printed circuit 
board 12. The facilitated path for the electric current con 
tributes to a further reduction in noise of electric signals. 

Next, a brief description Will be made on a method of 
making the printed circuit board 12. The core substrate 21 is 
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?rst prepared. As shown in FIG. 5, a through hole or holes 
31 is formed in the core substrate 21, for example. A drill, 
a laser beam, or the like, may be utilized to bore the through 
hole 31. 

The core substrate 21 is then subjected to plating process 
employing an electrically-conductive material such as cop 
per after the through hole 31 has been formed. The exposed 
surfaces of the core substrate 21 are thus covered With the 
copper ?lm. The copper ?lm is then subjected to etching 
process. A photoresist ?lm is formed on the surface of the 
copper ?lm prior to the execution of the etching process. An 
annular void is de?ned in the photoresist ?lm so as to 
surround the through hole 31 at the back surface of the core 
substrate 21. The copper ?lm is removed in the annular void 
during the etching process. As shoWn in FIG. 6, the ground 
pattern 22 is in this manner formed on the front surface of 
the core substrate 21. The poWer supply layer 23 is likeWise 
formed on the back surface of the core substrate 21. The 
ground Wall 24 is simultaneously formed along the inside 
surface of the through hole 31. An annular void 32 is 
established betWeen the ground Wall 24 and the poWer 
supply pattern 23 at the back surface of the core substrate 21. 
The photoresist ?lm may be removed after the etching 
process has been completed. The inner space inside the 
ground Wall 24 is then ?lled With an insulating material 33. 
As shoWn in FIG. 7, insulating ?lms 34, 34 and copper 

foils 35, 35 are subsequently overlaid on the front and back 
surfaces of the core substrate 21 in this sequence. Pressing 
may be employed to adhere the insulating ?lms 34 and the 
copper foils 35 onto the core substrate 21, for example. The 
insulating layers 27, 27 are in this manner formed. The 
annular void 32 is simultaneously ?lled up With the insu 
lating ?lm 34 at the back surface of the core substrate 21. 
The annular insulating layer 26 is in this manner formed. 
As shoWn in FIG. 8, a through hole 36 is thereafter formed 

through the insulting layers 27, 27 and the insulating mate 
rial 33. Bottomed holes 37, 37 are likeWise formed in the 
insulating layers 27, 27. The bottomed holes 37 reach the 
front or back surface of the core substrate 21. A drill, a laser 
beam, or the like, may be employed to form the through hole 
36 and the bottomed holes 37, for example. 

Plating process of an electrically-conductive material is 
again effected after the through hole 36 and the bottomed 
holes 37 have been formed. The plating process serves to 
establish the via 15 in the through hole 36. The bottomed 
holes 37 are simultaneously ?lled up With the electrically 
conductive material. The electrically-conductive bodies 28 
are thus formed. The copper foil is then subjected to etching 
process. Aphotoresist ?lm is formed on the exposed surfaces 
of the copper foils in the etching process. The shape of the 
photoresist ?lm corresponds to the shapes of the signal line 
patterns 16 and the ground guard patterns 17. The copper foil 
is removed at positions off the photoresist ?lm during the 
etching process. The signal line patterns 16 and the ground 
guard patterns 17 are thus formed on the exposed surfaces of 
the insulating layers 27, 27. The photoresist ?lm is removed 
after the etching process has been completed. The printed 
circuit board 12 as shoWn in FIG. 3 can thus be obtained. 

For example, the electrically-conductive body 28 may 
form an electrically-conductive Wall extending along the 
imaginary cylinder, as shoWn in FIG. 9. The electrically 
conductive Wall serves to control the characteristic imped 
ance of the via 15 in a more ef?cient manner. The electri 
cally-conductive Wall may be formed prior to the formation 
of the insulating layers 27, 27 in the production of the 
printed circuit board 12 of the type. As shoWn in FIG. 10, 
photoresist ?lms 38 may be formed on the front and back 
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6 
surfaces of the core substrate 21 after the space inside the 
ground Wall 24 has been ?lled With the insulating material 
33. Voids 39 are de?ned in the photoresist ?lms 38. The 
shape of the void 39 serves to de?ne the contour of the 
electrically-conductive body 28. Plating, sputtering, or the 
like, is utiliZed to form the electrically-conductive body 28 
Within the void 39. The photoresist ?lms 38 are then 
removed. The insulating layers 27 are thereafter formed on 
the front and back surfaces of the core substrate 21. Other 
Wise, the electrically-conductive body 28 may comprise a 
pair of electrically-conductive Wall piece extending along 
the aforementioned imaginary cylinder, as shoWn in FIG. 11, 
for example. 
As shoWn in FIG. 12, the printed circuit board 12 may 

employ the structure of six layers instead of the aforemen 
tioned structure of four layers. In this case, the ground guard 
pattern 17 continuous from the electrically-conductive body 
28 may be covered With an insulating layer 41. It should be 
noted that the structure other than four or six layers may be 
employed to realiZe the aforementioned electrically-conduc 
tive body 28. 

What is claimed is: 
1. A printed circuit board comprising: 
?rst, second and third insulating layers over laid on one 

another in this sequence; 
a via penetrating through the ?rst, second and third 

insulating layers; 
a guard pattern made of an electrically-conductive mate 

rial, said guard pattern extending on a front surface of 
the ?rst insulating layer along a circle concentric With 
the via; and 

an electrically-conductive body extending from the guard 
pattern and penetrating through the ?rst insulating layer 
along an imaginary cylinder concentric With the via; 

a ground pattern made of an electrically-conductive mate 
rial, the ground pattern forrned on a surface of the 
second insulating layer, said ground pattern receiving a 
tip end of the electronically-conductive body; and 

a cylindrical ground Wall made of an electrically-conduc 
tive material, the cylindrical ground Wall extending 
from the ground pattern along an imaginary cylinder 
concentric With the via, said cylindrical ground Wall 
penetrating through at least the second insulating layer. 

2. The printed circuit board according to claim 1, further 
comprising a ground pattern made of an electrically-con 
ductive material formed to extend along a back surface of 
the insulating layer, said ground pattern receiving a tip end 
of the electrically-conductive body extending from the guard 
pattern. 

3. The printed circuit board according to claim 2, further 
comprising a ground Wall extending from the ground pattern 
along a column concentric With the via. 

4. The printed circuit board according to claim 1, Wherein 
said electrically-conductive body comprises a via. 

5. The printed circuit board according to claim 4, further 
comprising a ground pattern made of an electrically-con 
ductive material formed to extend along a back surface of 
the insulating layer, said ground pattern receiving a tip end 
of the electrically-conductive body extending from the guard 
pattern. 

6. The printed circuit board according to claim 5, further 
comprising a ground Wall extending from the ground pattern 
along a column concentric With the via. 

7. The printed circuit board according to claim 1, Wherein 
said electrically-conductive body comprises an electrically 
conductive Wall extending along the imaginary cylinder. 



US 7,372,143 B2 
7 

8. The printed circuit board according to claim 7, further 
comprising a ground pattern made of an electrically-con 
ductive material formed to extend along a back surface of 
the insulating layer, said ground pattern receiving a tip end 
of the electrically-conductive body extending from the guard 
pattern. 

9. The printed circuit board according to claim 8, further 
comprising a ground Wall extending from the ground pattern 
along a column concentric With the via. 

10. The printed circuit board according to claim 1, further 
comprising: 

a second guard pattern made of an electrically-conductive 
material, said second guard pattern extending on a back 
surface of the third insulating layer along a circle 
concentric With the via; and 

a second electrically-conductive body extending from the 
second guard pattern, said second electrically-conduc 
tive body penetrating through the third insulating layer 
along an imaginary cylinder concentric With the via, the 
second electrically-conductive body connected to the 
cylindrical ground Wall at a back surface of the second 
insulating layer. 

11. A printed circuit board unit comprising: 
a printed circuit board; 
an electronic component mounted on a surface of the 

printed circuit board; 
?rst, second and third insulatinq layers overlaid on one 

another in this sequence in the printed circuit board; 
a signal line pattern made of an electrically-conductive 

material, said signal line pattern extending on a surface 
of the ?rst insulating layer in the printed circuit board 
so as to establish an electric connection With the 
electronic component; 

a via connected to the signal line pattern, said via pen 
etrating through the ?rst, second and third insulating 
layers; 

a guard pattern made of an electrically-conductive mate 
rial, said guard pattern extending on a front surface of 
the ?rst insulating layer along a circle concentric With 
the via; and 

an electrically-conductive body extending from the guard 
pattern and penetratinq throuqh the ?rst insulating layer 
along an imaginary cylinder concentric With the via; 

a ground pattern made of an electrically-conductive mate 
rial, the ground pattern being formed on a surface of the 
second insulating layer and receiving a tip end of the 
electrically-conductive body; and 

a cylindrical ground Wall made of an electrically-conduc 
tive material, the cylindrical ground Wall extending, 
from the ground pattern along an imaginary cylinder 
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concentric With the via, and penetrating through at least 
the second insulating layer. 

12. The printed circuit board unit according to claim 11, 
further comprising a ground pattern made of an electrically 
conductive material formed to extend along a back surface 
of the insulating layer, said ground pattern receiving a tip 
end of the electrically-conductive body extending from the 
guard pattern. 

13. The printed circuit board unit according to claim 12, 
further comprising a ground Wall extending from the ground 
pattern along a column concentric With the via. 

14. The printed circuit board unit according to claim 11, 
Wherein said electrically-conductive body comprises a via. 

15. The printed circuit board unit according to claim 14, 
further comprising a ground pattern made of an electrically 
conductive material formed to extend along a back surface 
of the insulating layer, said ground pattern receiving a tip 
end of the electrically-conductive body extending from the 
guard pattern. 

16. The printed circuit board unit according to claim 15, 
further comprising a ground Wall extending from the ground 
pattern along a column concentric With the via. 

17. The printed circuit board unit according to claim 11, 
Wherein said electrically-conductive body comprises an 
electrically-conductive Wall extending along the imaginary 
cylinder. 

18. The printed circuit board unit according to claim 17, 
further comprising a ground pattern made of an electrically 
conductive material formed to extend along a back surface 
of the insulating layer, said ground pattern receiving a tip 
end of the electrically-conductive body extending from the 
guard pattern. 

19. The printed circuit board unit according to claim 18, 
further comprising a ground Wall extending from the ground 
pattern along a column concentric With the via. 

20. The printed circuit board unit according to claim 11, 
further comprising: 

a second guard pattern made of an electrically-conductive 
material, said second guard pattern extending on a back 
surface of the third insulating layer along a circle 
concentric With the via; and 

a second electrically-conductive body extending from the 
second guard pattern, said second electrically-conduc 
tive body penetrating through the third insulating layer 
along an imaginary cylinder concentric With the via, the 
second electrically-conductive body connected to the 
cylindrical ground Wall at a back surface of the second 
insulating layer. 
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